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LETTER  OF  TRANSMITTAL 


li.  y.  tstiiai't,  Seci-etai-y, 

1 )(*l»artmeiit  of  Forests  and  W'atcis. 


Sir: — 

Jl(‘r(‘\\itli  is  a fext,  with  iiia]is,  giving  liic  thickness  and  aereagr* 
cd'  each  bed  in  the  anthi-acit(‘  li(dd,  llie  pei-eentage  of  the  coal  i-e- 
covered  in  niining,  an  (cxjilanaTion  of  how  and  why  some  anihi-acite 
is  lost,  and  an  estimate  of  the  quantity  of  ant lii-acit(*  remaining 
in  each  IkmI,  and  in  eacli  of  the  four  fields. 

This  woiiv  was  done  at  tin*  instigation  of  the  Fnitml  States  f’oal 
I'bict  Finding  ('ommission  by  Devei'  F.  Ashniead.  a mining  engineei- 
of  the  Fnited  States  I’ni-ean  of  iMiiu's,  and  is  a coni])anion  r(‘j)ort 
to  Eitnminons  (’oal  Losses  and  iMining  Ahdliods,  by  -lames  D.  Sis- 
ler,  ])r(‘]iareil  foi'  tlie  saim*  pnijiost*  and  pnldislied  by  this  Survey 
in  1!)24. 


Kesiiectfnlly, 


-A. ay  2b.  l!)2.~i. 


State  (feologist. 
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PREFACE 


As  ])art  of  tli(‘  <;oii(M'al  iiivi-stiyal ion  of  flu*  coal  iiidusfry  by  the 
V.  ('oal  ('oiniiiissioii,  tlio  Jbireaii  of  Mines  of  the  J >epartment  of 
lh(*  Inlei-ior  was  laaiuested  by  ('.  E.  Leslier  in  charge  of  tlie  engineer- 
ing section  for  flic  ( 'oininission  to  investigate  the  waste  and  losses 
incurred  in  tlie  inining  of  antliracite  in  Ihninsylvania.  This  in- 
ves-figation  was  in  line  with  tin*  work  specilically  anlliorized  by 
llie  organic  act  ci-eating  tlie  Hurean,  and  witli  tlie  tinancial  assist- 
ance of  tin*  (’oal  < 'oininission  tin*  Hni-ean  was  abb*  to  make  an  ex- 
lensive  study  of  tin*  subject. 

The  organization  of  tliis  investigation  by  the  Bureau  of  iMiues 
was  jilaced  in  tin*  iinnu'diau*  cliargi*  of  the  chief  mining  engineei', 
(leorgi*  S.  Bice.  danu*s  AV.  Paul,  cliief  of  coal  mim*  investigations 
for  the  l>nr(*an.  was  assigm*d  to  act  in  jilace  of  Air.  Bice,  who  had 
been  d(*taib‘d  to  mala  investigations  in  Euroju*. 

I >e\  (*r  ( Aslim(*ad,  mining  engim*er,  wlio  has  in  ri'cent  years  been 
studying  tin*  mining  c<»nditions  in  tin*  anthi'acite  region  of  Penn- 
.sylvania,  and  until  ncently  was  anthracite  (‘ditor  of  ('oal  A(/c,  was 
enpiloyi'd  to  mala*  the  m*cessary  ti(*ld  invt*stiga tions  and  ])re]»are  a 
leport  to  the  (’oal  ('ommission.  As  a resnll  several  conferences 
with  tin*  (*nginc(*rs  of  tin*  Bnr(*an,  an  out  line  of  tin*  investigation  to 
b(*  nnnb*  Avas  adojded,  and  Air.  Aslinu*ad  carried  out  the  details  of 
the  ])lan.  lb*  ju'ocnrcd  the  data  fri'in  '..'1  of  the  -'44  coIli(*ries,  these 
repr(*s(*nting  4!)  p(*i-  c(*nt  of  the  total  ])i'oduction  of  the  anthracite 
r(*gioii.  The  ti(*ld  work  consisteil  of  a careful  study  of  the  under- 
gi-ouud  Avorkiugs  of  re]ir(*s(*utativ(*  mim*s,  also  of  the  maps  of  the 
\arious  coal  b(*ds  being  mined,  and  analyses  of  tloAV-s!u*(*ts  from  the 
mines  and  antliracite  br(*akers.  In  this  Avork  Air.  Ashm(*ad  received 
the  full  coo]i(*rat ion  of  the  operators.  tln*ir  (*ngine(*ring  staffs,  and 
the  Anthracite  Aline  Inspectors  of  the  State  of  Pennsylvania. 

AI.  AAk  von  l’(*ru(*Avitz,  mining  and  metallurgical  (*ngine(*i-  of  the 
Bureau,  rendered  assisttince  in  the  c iinpilation  of  tin*  mannscript. 


B(*s]iectfully  submittc  d, 

!).  A.  LA'OX.  Acting  Itirector, 
for  II.  EOSTEB  BA  IX,  Director. 
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FOREWORD 


According  to  the  rejiort  made  in  1^!).“)  hy  lln*  Second  ( rcological  Snr- 
\(*y  of  1 Vnnsylvania,  tl)e  total  antiii-aciti*  r(‘sei-ves  of  tlial  State 
originally  were  Ht.5n7,ST2,()dd  tons;  Imt  since  the  ]inhlication  of 
tliat  rejiort  tlie  d(‘veIo]»nient  in  the  ant hi-;icit(‘  region  has  shown 
additional  r(‘s(*rves  which  jnstifv  an  inci-e;iso  of  the  oidginal  estimate 
to  a total  of  LMl.TTO.tMd.Omi  tons.  Of  this  latter  amount,  1.41ti.24(l.- 
000  tons  have  heen  mined,  leaving  a ri^serve  nnmined  ol  lti,4.)4.tiil).- 
(iim  tons.  At  the  |nesent  rate  of  ]irodnction  of  1 :>1  .OtiO.IMIU  tons 
a I inclnsiv(*  of  losses  I.  this  reser\'e  Avill  last  tor  124  years. 

In  4SS0  the  lirst  anthentic  tignres  showing  the  percentage  of  re- 
covery in  mining  anthi'acite  gave  for  c(*rlain  localities  a I'ecoverv 
langing  from  27  to  -111  jier  cent.  44k*  Roosovcdt  ('ommission  in  1002 
stated  that  imin-ovement  in  the  mining  and  pre]>ai“ation  of  anthra- 
cite would  soon  make  the  recovery  ott  ])er  cent.  This  ])resent  report 
for  the  four  ]irincipal  anthracite  fields  indicates  a I’ccovery  of  01.1 
per  cent,  with  a total  loss  of  M8.0  per  emit,  ot  which  4.2  jicn*  cent  is 
in  jirejiaration. 

Indications  arc*  that  the  i-c*covery  in  both  the  mining  and  I'refia- 
ration  of  anthracite  will  become*  larger,  and  that  a still  higher  ]»er- 
centage  may  be  ex])c“Ctc*d.  This  incr(*a,sc*.  howc  \a*r.  may  entail  the 
adojition  of  ditf(*rc*nt  methods  of  mining  and  a more*  carc*fnl  ilesign 
in  c'onstTuction  of  brc*akc*rs  for  the*  lr(*atmc*nt  ot  the*  smaller'  sizes 
of  anthracite*. 

*\tte*ntion  is  dii'ecte*d  to  tliat  jiart  id  the  i'(*]iort  which  de*als  with 
the  e*ngine*(*ring  diflicnlties  in  the*  de*V(*lo]ime*nt  and  oiM*i'ation  of  the 
niine*s.  canse*d  by  the*  ge*ograiihica I conditions  and  the  intrusion  of 
wate*]'  which  necessitates  raising  an  a\'crage  of  e*h*ven  tons  of  rvater 
])C*r  ton  of  coal  thronghont  the*  re*gion.  The*se*  are  factors  rvhich 
have*  a strong  bearing  upon  the*  recove*i'V  of  coal,  and  are  a continu- 
ous ex]u*nse  whetlu*r  the  mines  are  operating  or  are*  idle*. 


4.  tv.  PArL. 

Acting  rhi(*f  .Mining  Pngineer. 
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MAI'  OV  TIIK  AN'niUAOrrE  KIKU)il.,  rKNNSyiA’ANlA 


ANTHRACITE  LOSSES  AND  RESERVES 
IN  PENNSYLVANIA 


By  Dever  C.  Ashmead 


INTRODUCTION 

Geography. 

The  anthracite  fields  lie  in  the  noi-tlieastern  part  of  Penn- 
sylvania, and  were  divided  by  the  Pennsylvania  Second  Geological 
Survey  into  fonr  regions,  as  follows:  (1)  The  Northern  Field,  con- 

sisting of  the  ^VyoIning  and  Lackawanna  Valleys  in  Lnzerne  County; 
(2)  the  Eastern  lliddle  Field  in  the  sontheni  part  of  Luzerne  and 
noi-thern  part  of  Schuylkill  counties;  (3)  the  AVestern  Middle  Field 
in  Schuylkill,  Columbia,  and  Vorthuinberland  counties;  and  (4)  the 
Sontheni  Field  in  Carbon,  Schuylkill,  and  Dauphin  counties. 

Geology 

Xorthern  Field.  The  IXorthern  Field  is  approximately  75  miles 
long  and  is  5 miles  wide  at  its  widest  point;  it  contains  176  square 
miles.  The  coal  beds  lie  conqiaratively  fiat,  jiarticularly  in  the 
northeastern  part  eif  the  field.  Here  also  tlnw  are  near  the  surface, 
and  pitch  stee]»ly  only  along  the  outcrojis  and  near  local  faults.  In 
this  northeastern  jiart  of  the  field  the  average  thickness  of  the  beds 
is  4.88  feet,  and  the  average  depth  of  workings  is  208  feet.'*  In  the 
middle  section  of  the  Xorthern  Field,  in  the  vicinity  of  Pittston  and 
Wilkes-liarre,  the  average  thickness  increases  to  5.0  feet,"  and  the 
dejith  to  otto  feet;  and  in  the  southwestern  ]iortion  of  the  field  the 
thickness  reaches  0.8o  feet  and  the  de})th  567  feet.® 

Beginning  near  Pittston,  and  generally  following  the  bed  of  Sus- 
(piehanna  Kiver  to  the  city  of  X'anticoke,  and  then  passing  down  the 
middle  of  the  northern  held  to  its  western  end,  lies  what  is  known  as 
the  “Buried  Valley”  of  the  Susquehanna  Kiver.  Here  the  river  once 
made  a gorge  100  to  300  feet  deeper  than  the  jiresent  river  bed,  and 
during  the  glacial  ])eidod  this  gorge  was  tilled  with  glacial  drift. 
As  this  drift  is  water-bearing,  considerable  care  has  to  be  taken  in 
mining  the  coal  beds  beneath  it.  Enough  rock  cover  must  be  left 
so  that  there  will  be  no  danger  of  the  mine  workings  breaking  through 
into  the  gravel  hlling  of  the  Buried  A^alley  or  into  pot-holes.  If  a 


♦NumbiTS  rpf(*r  to  bililiogrnphy  at  oiul  of  report. 
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break-through  should  occur,  there  Avould  be  great  dauger  of  losing 
all  the  underground  workings  by  flooding.  Tliis  means  that  the 
recovery  of  coal  is  limited  by  the  support  necessary  to  prevent  any 
breakage  of  the  overlying  rocks  that  would  permit  the  inflow  of 
water  and  quicksand  from  the  Buried  Valley. 

Eastern  Middle  Field.  The  geologic  stnicture  of  the  Eastern  Mid- 
dle Field  is  entirely  different  from  that  of  the  Northern  Field;  it 
consists  of  a number  of  parallel  canoe-shaped  troughs.  As  is  implied 
from  the  term  ‘‘canoe-shaped”,  the  basins  are  long  and  narrow,  and 
the  sides  pitch  steeply.  The  beds  of  coal  are  much  thicker,  as  is 
shown  by  the  average  of  S.l  feet,  biit  they  lie  at  less  deiAli,  the 
average  being  only  about  347  feet.*  The  Eastern  Middle  Field  con- 
tains only  about  33  square  miles  of  territory. 

Western  Middle  Field.  A basin  about  33  miles  long  and  about  6 
miles  wide  at  its  widest  point  extends  from  a point  in  the  vicinity 
of  Delano  to  the  little  town  of  Trevorton  at  the  extreme  western  end. 
This  basin,  known  as  the  Western  Middle  Field,  contains  about  94 
square  miles.  Tn  cross-section  it  resembles  two  letters  UIJ  joined 
together  at  a central  point,  lower  than  the  two  sides.  This  gives 
practically  all  conditions  of  mining  from  level  at  the  bottom  of  the 
Us  to  vertical  along  the  sides.  The  beds  of  coal  in  this  district  aver- 
age 6.5  feet  in  thickness,  and  the  average  depth  of  Avorkings  is  460 
feet.® 

Southern  Field.  The  Southern  Field  extends  from  the  tOAvn  of 
Mauch  Chunk  nearly  70  miles  soutlnvest  to  Lykens  and  Dauphin 
at  the  two  ends  of  the  “fish  tail.”  Practically  no  mining  has  been 
undertaken  in  a great  many  years  in  the  ]»oint  of  the  field  extend- 
ing in  the  direction  of  Dau]»hin.  A cross-section  of  this  field  shows 
very  steeply  ])itching  sides,  and  the  rocks  betAveen  the  sides 
badly  faulted  and  disjilaced.  Warj)ing  of  the  earth’s  crust  in  this 
field  greatly  contorted  the  rocks  in  places,  and  coal  Avas  ])ulverized 
by  the  roof  and  the  floor  of  a lied  moving  in  o]»]iosite  directions.  Tn 
other  places  the  movement  and  }>ressure  Avere  not  so  great,  and  the 
coal  merely  runs  A\hen  it  is  mined;  in  still  othei-  ]ilaces  the  coal  is 
solid.  HoAA’ever,  along  Avhat  is  knoAvn  as  Shaiqi  Mountain,  Avhich 
borders  the  southern  edge  of  the  field,  the  ]iercentage  of  jirepared 
sizes  is  extremely  small,  OAving  to  the  effect  of  geological  movements. 
Unfortunately,  no  data  are  at  hand  to  sIioav  the  general  thickness 
of  the  beds  and  depth  of  Avorkings : but  generally  speaking,  the 
beds  in  this  field  lie  deeper  and  are  thicker  than  beds  in  any  of  the 
other  fields.  Tliis  field  is  the  largest  of  the  four,  and  covers  181 
square  miles. 


Mining  Methods. 


Tlie  physical  condition  of  the  lieds,  as  just  ontlined.  (hdennines 
to  a hu'ge  extent  tlie  nietliod  of  mining  which  must  la-  ein]tloye(l  for 
the  i-ecoveiy  of  coal,  ^^dlel■e  the  Iteds  art*  flat,  a rooin-a nd-])illar 
method  can  he  nsed.  similar  to  that  em]doyed  in  tin*  hitnminons 
coal  fi(dds.  Wheia'  roof  conditions  ])ermit,  long-wall  mining  can  be 
nnd(*rtat'en.  A^dler(‘  the  coal  does  not  hav('  much  cover  it  is  possible 
to  remove  the  surface  and  mine  the  coal  with  jtowm-  sliotads.  This 
kind  of  mining  is  known  as  “strip])ing."  'Wdieia*  the  laals  pitch 
steeply,  the  breast  system  of  mining  is  emplottal  almost  (*xclnsively. 
The  present  method  of  bi'east  mining  is  to  didx'e  a gangway  in  the 
rock  l)clow  the  coal,  drive  a I'ock-cdmle  from  tin*  gangway  to  the 
bottom  <d’  the  coal,  connect  rockwdnites  with  h(*adings  in  tin*  coal  for 
the  circulation  of  aii-,  and  then,  on  50  to  (iO  foot  centei-s,  drive 
breasts  nj*  the  pit(di.  making  the  breast  18  to  21  feet  wide.  Timbers 
are  so  placed  along  the  sides  of  the  breast  as  they  an*  dT'iven  up 
that  the  coal  as  it  is  mim*d  falls  between  the  two  I'ows  of  timbers, 
and  is  held  fi-om  ninning  out  the  month  of  the  l>reast  by  a battery. 
As  fast  as  coal  is  shot  down,  coal  is  drawn  from  the  1)ottom  of  the 
I’l'east  through  chutes  to  maintain  just  enough  lu*adroom  between 
the  top  ol  the  loose*  coal  and  the*  face  of  tin*  bi-easi  to  jH*iunit  the  men 
to  work.  The  space's  b(*tween  the*  timl»ering  of  the  lii-<*ast  and  the 
ribs  of  the  jeillars  are  nsed  for  the  circulation  of  air  to  the  face; 
also  as  manways  for  the  ni(*n  to  ]>ass  to  and  fi-om  tlieii-  work. 

CAUSES  OF  LOSS  AND  WASTE 

The  sources  of  loss  and  waste  in  anthi'acite  mining  have  been  di- 
vided into  three  main  parts — tiamely,  (1)  geologic:  (2)  mining;  and 
(3)  preparation. 

Loss  from  Geologic  Factors 

Siipcj’hiijioscd  beds-.  ^\s  tin*  anthracite  region  contains  a large 
number  (12  to  2(i)  of  superimposed  coal  beds,  care  must  be  taken 
so  that  the  mining  of  a lower  bed  does  not  desti'oy  the  value  of  an 
upper  bed.  In  general,  the  practice  is  tirst  to  mine  both  beds,  and 
then  ])Ost])one  the  second  mining  of  the  lower  bed  until  the  upper 
bed  has  been  mined  out.  The  pillars  are  columnated  as  far  as  pos- 
sible, SO  that  undue  stresses  will  not  be  brought  upon  the  lower  bed 
and  start  squeezes  that  will  cause  loss  in  recovery.  However,  where 
the  superimposed  coal  beds  are  widely  se])ai-at<*d,  in  many  ])laces 
in  the  anthracite  region  it  has  been  jiossible  to  complete  the  first 
and  second  mining  of  a lower  bed  without  a]>])r(*ciably  affecting  the 
upper  bed:  but  wh(*re  the  beds  are  close  togethei',  it  is  not  possible 
to  do  this. 


14 


The  character  of  the  roof  also  determines  the  method  of  mining 
a lower  bed.  A soft  roof,  and  one  that  breaks  easily,  probably 
means  that  second  mining  cannot  be  done  in  the  underlying  part 
of  the  lower  bed  until  the  ujjper  bed  is  completely  exhausted. 

Character  of  roof  and  floor.  Naturally,  the  kind  of  rock  immedi- 
ately above  or  below  the  coal  bed  has  a considerable  influence  upon 
the  system  of  mining  that  can  be  established.  With  a hard  sand- 
stone, a much  wider  chamber  or  breast  can  be  driven  than  if  the 
rock  is  a fireclay,  soft  shale,  or  slate.  On  the  character  of  the  roof 
will  depend  also  the  possibility  of  mining  by  tlie  longwall  system. 

Faults.  In  some  places  the  coal  has  been  broken  and  displaced 
by  faults,  crushed  by  pressure  and  movement  or  r emoved  l)y  erosion. 
Such  areas  complicate  the  mining  of  the  coal  and  increase  the  cost 
by  necessity  of  driving  through  them  to  reach  good  coal  lying  be- 
yond. Figure  1 shows  a fault  in  the  steep-pitching  measures  in  the 
Western  Middle  Field,  and  the  area  of  coal  lost.  Figure  2 shows 
some  of  the  difficulties  encountered  in  mining  a faulted  area. 
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Figure  1 
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PLAN  AND  PROFILE  OF  MINE 
Northumberland  Co  , Pa. 

Losses  due  to  fault 


1 Virgin  Coal 


t:  . J Coal  thar  will  be  extracted 
In  part  or  in  whole 


i<: 


Figure  2 


SECTION  OF  MINE  MAP 
Luzerne  Co.  Penn. 

Showing  coal  lost  due  to  a fault 

EH  Coal  that  will  be  extracted  Coal  Lo.st 

in  part  or  in  whole 

77////  coal.  By  niie/iual  llie  coal  in  j/laces  was  squeezed 

milil  it  l)eca!L(‘  miicli  tliiniier  than  the  coal  in  the  remaindei'  of  the 
I'cd.  ( vSee  Fiyiire  o).  W'lici-e  tin*  coal  is  so  thin  tinit  mining  costs 
i/ecoiiK'  too  high  for  j/rolitahle  mining,  then  work  must  he  abandoned. 
Fi-e(inently  a consideiaihli'  amount  of  mining  is  done  before  snch  an 
area  has  Ik cn  fully  jiroved  to  Ik*  too  thin  to  work. 


IT 


Figure  3 


SECTION  OF  MINE  MAP 
Luzerne  County,  Penn. 
Showing  a block  of  coal  too  thin  to  work 


Coal  that  will  be  extracted 
In  part  or  in  whole 


I Coal  Lost 


9 


Rivers.  Where  tlie  coal  lies  under  a river,  emmiiih  jiillars  must  be 
left  so  that  there  will  he  uo  dauber  of  breaks  iu  the  toji  roek  per- 
mittiuii'  the  river  to  eu1i‘r  the  mim*.  Thest*  jiillars  (See  k igurt*  -1) 
left  to  su]i]iort  the  riviu-  must  be  considered  as  an  uuavoidable  loss, 
for  thev  cannot  be  recovered. 
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Figure  4 


SECTION  OF  MINE  MAP 

L ac  ka  wanna  CounI  y Penn 

Pillars  left  m under  Lacl<a wanna  River 
and  Delav»are  and  Hudson  RR(Old  workings) 

Virgin  Coal  Coal  that  will  be  eitracted  BfflCoalLost 

»n  part  or  in  whole 


Buried  Talleij.  As  iireviimsly  stated,  it  is  necessary  to  leave  sup- 
port under  the  water-bearing  glacial  drift  of  the  Buried  Valley  so 
that  the  water  Avill  not  enter  the  mine  from  any  breakage  or  caving 
of  the  rock.  Generally  sjieaking.  only  first  mining  can  be  done  in 
such  areas.  However,  in  many  places  the  beds  of  coal  outcrop  in 
the  Bui'ied  Valley,  as  is  shown  in  tin*  cross-section  of  Figure  5. 
Therefore,  a sufficiently  strong  and  wide  jiillar  must  be  left  between 
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the  outcrop  and  the  safe  mining  line  so  tliat  tliei-e  will  he  no  danger 
of  any  seejiage  or  innisli  of  water  or  (|uirksaiid.  A ])illar  of  his 
type  IS  shown  in  the  plan  of  Figure  5,  and  the  safe  second  mining 
limit  in  Figure  G. 

Figure  5 

RIVER  CHAhJflEL 

1 SAFE  WORKING  ■ 

OP  all  MINCD  OUT  BE  MINED  BURIED  VALLFY 

PLAN  AND  PROFILE  OF  MINE 
Ljrerne  County  Penn. 

Shoeing  unnmnable-afea  doe  to  msufflcenr  rock  cov. 


CodI  thst  *vill  be>  e*tracted 
in  rt^hiote  or  to  ciarf 


cover  under  Bur.eo  v^tley 

Coal  lost 
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Figure  6 


SECTION  or  MINE  MAP 
Luzerne  Co  Penn 

Showing  ed^e  of  water  bearing  wasn 

f Coal  that  will  be  extracted  HI  Coal  lost 
in  part  or  in  whole 


Loss  from  Mining  Practice 

The  superposition  of  12  to  26  anthracite  beds,  separated  a few 
feet  to  20(1  feet  by  strata  of  various  kinds  of  rock,  naturally  compli- 
cates the  extraction  of  coal. 

Shaft  pillars.  In  order  to  reach  Ihe  coal  lieds  it  is  necessary  to 
sink  shafts  from  the  suidace;  and  as  these  shafts  are  the  main  en- 
tries to  the  mine,  they  must  be  ]u-otected  from  any  movement  of  the 
ground  caused  by  mining.  Figure  7 shows  a pillar  jirotecting  a 
shaft.  Most  of  this  coal  cannot  be  recovered  without  endangering 
the  shaft,  therefore.  Ibis  coal  is  considered  as  unavoidaldy  lost. 
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Figure  7 


section  of  mine  map 
Lackawanna  County,  Penn. 

Showing  Reservation  for  Shaft  Pillar  Hoisting  Shaft,  Air  Shaft, 
and  Collierv  Buildings. 

i^S  Coal  Lost 

Barrier  pillars.  In  the  anthracite  region  the  nial  beds  have  been 
mined  so  extensively  that  workings  from  niu*  cnliiery  n]i])roacli  close  to 
tliose  of  other  collieries.  According  to  the  State  law,  the  mine 
ojierators  must  ])iovide  what  are  known  as  "barrier  pillars’’  to  pre- 
vent the  workings  in  one  colliery  from  breaking  through  into  an- 
other. These  jiillars  act  ;is  a protection  for  the  meti  because  a dis- 
aster in  one  mine  will  not  extend  throngh  the  barrier  pillars  into  an 
adjoining  mine.  Generally  sjieaking.  the  barrier  jtillars  are  colnm- 
nated,  and  as  the  dejith  Ixdow  the  surface  increases,  the  thickness 
of  these  barriers  likewise  increases.  In  general,  the  coal  that  is  in 
barrier  pillars  can  never  Ik*  recovered,  and  therefore  is  lost.  Figure 
8,  a section  of  a Lnzenie  ('onuty  mine,  shows  a barrier  ])illar  be- 
tween two  adjoining  properties. 

2mm 


oo 

Figure  8 


Opera^'O^ 


SECTION  OF  MINE  MAP 
Luzerne  County.  Penn 
Showing  Barrier  Pillar  between  two  Collieries 

Virgin  Coal  Coal  that  will  be  extracted  H Coal  Lost 

in  part  or  in  whole. 

Mine  fires.  As  a result  of  carelessness  or  accident,  fires  start 
underground,  and  unless  controlled,  they  may  spread  and  destroy 
the  whole  mine.  Figure  9 shows  a lire  area  in  a mine  in  Lackawanna 
County.  This  map  shows  that  sto]ipings  have  been  built  completely 
surrounding  the  lire  area.  These  stopjiings  ]U'event  the  circulation 
of  air  through  the  workings.  When  the  tire  forms  enough  incom- 
bustible gases  it  may  extinguish  itself.  (See  Bureau  of  Mines  Ke- 
port  of  Investigation  No.  2325,  Feb.,  1922,  entitled  “Fighting  a mine 
fire  with  its  own  gases,”  by  C.  A.  Allen  and  A.  C.  Watts.)  Until 
a fire  is  actually  extinguished  and  the  passageways  are  reopened, 
the  coal  in  the  tire  area  is  considered  as  lost. 


Squeezes.  Tlu‘  present  mining  practice  in  tlic  aiitliracitc  region 
provides  the  colnniiiat ing  of  the  i-ooin  jtillars  so  as  to  ])rev(*nt  s(|in‘ezes. 
It  is  also  cnstoinar.v  in  modern  jtractice  to  leave,  at  stated  intervals, 
reserv(‘  pillai's  to  picvent  a possihle  s<pn*eze  in  one  section  from 
spreading  to  anotlun-  section  . Figure  10  shows  an  area  which  has 
ou(‘  of  these  pillars;  it  also  shows  that  the  amount  of  coal  removed 
is  conijia rat i v(  ly  small;  nevertiudess  a s(|iieeze  has  occurred,  and 
it  is  (‘Xti'cmely  donhtful  if  the  coal  in  such  an  area  will  he  r(‘covercd. 
.\t  p’i'(‘S(  lit  this  coal  is  considered  as  lost. 
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SECTION  OF  MINE  MAP 
Luzerne  County,  Penn 
Showing  Coal  Lost  in  Squeezed  Area  Coal  7ft. thick. 
Dep-lti  below  surface  1040  ft 

Coal  that  will  be  extracted  Ccal  Lost 

in  whole  or  in  part 


Floodivfi.  After  a coal  mine  has  liemi  worked  out  and  abandoned, 
eke  old  workings  are  allowed  to  till  with  water.  Then,  if  the  ad- 
joining operator  accidentally  breaks  through  tl  e barrier  pillar,  the 


water  iu  the  old  mine  may  tlow  into  the  operating'  mine  and  tlood 
ils  lower  al•(‘as.  dies  means  lliat  if  tin*  expcmse  of  llie  removal  of 
tliis  water  is  loo  gi-ea1,  tln^si'  ^^•ol■king■s  will  Ik*  ahandoned  and  the 
coal  remaining  therein  will  he  utterly  lost.  Fortunately,  however, 
tluu'e  have  he(*n  only  a few  such  instances  in  the  anthracite  region. 

If  by  im])ro])er  mining,  or  Ijy  accident,  the  top  rock  breaks  either 
into  the  water  hearing  numsures  of  the  lluried  A alley  or  under  a 
river,  the  mine  may  lu*  Hooded.  ^Vs  it  may  he  utterly  impossible  to 
dewater  such  an  o])eratiou,  all  of  the  coal  may  he  lost.  Two  col- 
lieries in  the  anthracite  region  have  been  lost  from  this  cause. 

Water.  Water  nmy  or  may  not  cause  a loss  in  the  recovery  of 
coal.  If  it  exists  iu  large  volume,  and  is  too  ex])ensive  to  handle, 
then  it  may  render  the  coal  economically  of  little  oi‘  no  value;  but 
in  the  anthracite  held,  very  litth'  loss  of  coal  has  resulted  from  this 
sourc(''.  Watei-.  however,  may  inconvenience*  the  miner  and  decrease 
the  ])roduction,  but  it  is  more  likely  to  increase  the  cost  of  jeroduc- 
tion  due  to  the  cost  of  pumi»ing. 


Wate)'  pamjK’i]  from  l*cii iisyl ra ii'ai  anthracite  minca  in  1921. 


Field 

X’oi’t  hern 

Eastern 

Mifidle 

Western 

.Middle 

Southern 

Xninl)er  fit  luiiniis  

460 

111 

213 

108 

Capacity.  gallmts 

:m.362 

113,116 

126,2.58 

80.443 

jicr  iiiinnto 

Gallons  raised  in 

116,94.5.011(1,000 

18,. 52 1.000,000 

34.327.000,000 

26,349,000.000 

ISLU 

dVins  I'aised  - - 

435.000,000 

67.900,000 

127.300.000 

r0,ll(J0,C0u 

Idstance  I'ai.sed.  feet 

395 

451 

516 

650' 

Foot  tons  --  - 

17t. 8-25. (too. 000 

30,442,900,000 

6!5.686.800.0('0 

58,500,000,000 

'tons  of  water  raised 
lier  ton  fit  coal 

10.8 

11.5 

12.7 

9.2 

In  the  Northern  Field  it  is  ( 

stimated  that  theri*  are 

4()h  ])umps 

i-aising  wat(*i'  to  tin*  surface.  These  ]unnps  have  a cjipaclty  of  HMh,- 
•’ItlL’  gallons  pi*r  iiiinute*,  and  in  l!l-!l  they  handled  11  (i,!)4-.'),(lh0,000 
gallons,  or  4:!.'),t(t(kt(lh  Ions.  Foi*  the  entire  authi*acite  region  in 
IkL’l,  an  av(‘iage  of  10. b tons  <d'  watei-  was  puni]((*d  p(*r  ton  of  coal 
mined. 

UnUt-np  or  ocenpied  area.s.  I’articularly  in  tin*  Xortheru  Field, 
several  cities  such  as  Wilk(*s  F>ai-re,  Scranton,  Nanticoke,  Pittston, 
am!  smallei'  t/'wns  such  as  (Mvolcpit.  F'i'o^- 0 nn.  \thi i-i-ior  Kir.i,  etc., 
have  he(*n  built  on  areas  und(*rlaiu  with  coal.  tVhei-e  the  comjianies 
have  no  i-ight  to  “si'coud  mine''  in  such  ar(*as,  and  are  reipiired  to 
sup])ort  the  surface,  pillars  must  be  left  for  this  jniipose,  and  there- 
fori*  tin*  coal  in  such  pillars  is  lost. 


h’ailrotiils.  \\'hci-(‘  railroads  pass  ovor  a iiiininji  property,  pillais 
must  he  to  pi'e\(‘iit  siihsideiice.  Siieli  pillars  may  or  may  not  he 
permaiieiiTly  lost,  hut  ;ieuerally  they  are.  (See  Fijtttre  4.  i 

I case  rcstricfioiis.  Somt*  of  the  leases  iu  the  authraeit(‘  rt'tfion 
S[iecitieally  state  that  only  a ceT-taiii  percentage  of  the  coal  may  he 
removed  I See  Figure  111.  and  therid'ore  any  coal  which  is  left  he- 
cause  of  th(‘  r(‘tiuirements  of  the  lease  is  eonsidei-ed  as  lost. 
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SECTION  OF  MINE  MAP 
Luzerne  County,  Penn. 

Sbowirig  Lease  Restriction.  Extraction  limited 
to  60% 

Virgin  Coal  Coal  that  will  be  extracted  HB  Coal  lost 

in  part  or  in  whole 


Second  mhiiiin.  Second  mininu'  covers  all  stages  of  mining'  ttfier 
the  first,  until  till  of  the  recovtn-ahle  coal  has  heen  removed  In  the 
anthracite  rettion  it  citusists  mainly  id'  ]dllar  extract  ion.  These  ])ill.»rs 
are  recovered  (dther  hy  takinit  a skip,  slict*  or  shdi  oil'  tin*  pillar  until 
the  end  of  the  old  room  is  reached,  and  then  drawinii  tin*  ]dllar  hack, 
or  hy  drivino-  a ]dllar  hole  thronith  the  ]tillar  up  to  the  end  of  the 
old  chamlter.  ;ind  then  drawino  the  ]iillar  h;tek.  In  either  case  the 


iM; 


weight  of  llie  ovei'lying  ineasuies  comes  on  the  coal,  and  the  pres- 
sure otten  crushes  llie  rest  of  the  jiillar  so  that  it  heconies  unrecover- 
able. hlxanijiles  of  lliese  lost  ]»i]lars  can  he  s(‘en  in  Figures  3 and  12. 
Sometini(*s  it  is  necessary  to  leave  a pillar  in  order  to  divert  the 
directon  of  wat(‘r,  as  is  shown  in  Figure'  13. 


Figure  12 


PLAN  AND  PROFILE  OF  MINE 
Lackawanna  County  Pa 

Losses  of  coal  dueto  fa  ult.fhincoa  I 

and  Second  minm3  wbe-repdiars  wore  lost  (A'^> 

C lark  Bed 

^^Virgin  Coal  L'....JCoal  that  will  be  cxtrocicd  E32  Coal  Lo&T 

In  pari  Or  if^  whole 


Figure  13 


eZCTION  CF  MINE  MAl-' 

Co-Ptrn. 

Showing  Pillar  losf  on  account  of  changing  direction 
of  flow  of  water 

Virgin  Coal  [IS3  Coal  ttiot  will  be  extracted  Coal  lost 

in  part  or  in  whole  . 

(lob.  Where  it  is  necessary  to  take  down  top  rock  or  take  up 
bottom  rock  in  a coal  mine  in  order  to  ]»rovide  enough  height  for  the 
movement  of  men  or  cars,  co:d  becomes  mixed  with  this  rock,  and  is 
lost  in  the  gol)  in  the  old  Avorkings. 

llock  jiariings  are  frequent  in  co;il  lieds.  As  f:ir  as  possible  it  is 
desiralile  to  leave  this  rock  nndergronnd  :ind  not  send  it  to  the  sur- 
face. Coal  often  adheres  to  this  iiarting  rock,  and  is  lost.  Wdien 
there  is  much  gob  in  the  working  places  and  the  coal  is  shot  down 
by  heavy  charges  of  exjtlosives,  some  of  the  coal  is  blown  into  the 
gob  and  is  lost.  It  has  been  impossible  to  d(dei'mine  a ligure  for  the 
whole  anthracite  region,  but  the  indications  are  that  in  the  Xorthern 
Field  about  0..j  per  cent  of  the  daily  output  is  lost  in  this  manner. 

^Vhere  the  rock  cannot  be  gobbed  in  the  mine  it  is  sent  to  the  sur- 
face. It  is  estimated  that  the  coal  lost  in  the  rock  in  the  Northern 
Field  amounts  to  less  than  0.5  per  cent  of  the  daily  output.  No 
gobbing  is  done  where  the  beds  jiitch  steejily,  and  therefore  in  the 


other  holds  thei'e  is  practically  no  loss  from  tliis  source.  In  the 
Southern  Field  and  ])arts  of  the  Middle  Western  Field,  where  gang- 
ways are  driven  in  rock,  no  coal  is  mixed  with  it,  and  therefore  there 
is  no  loss. 

TransporiatUm . As  is  to  he  expected,  a considerable  cpiantity  of 
coal  is  shaken  off  mine  cars,  or  is  spilled  by  the  opening  of  the  car 
door  in  transit.  Wuw  little  of  this  coal  s]>illed  along  the  track  is 
lost  because  the  anthracite  companies  clean  np  their  tracks  at  stated 
intervals.  The  coal  spilhal  is  loaded  into  empty  mine  cars  and  sent 
to  the  breakers  for  ])reparation. 

A vei-y  small  ipiantity  <d'  coal  is  lost  by  being  left  behind  in  the 
rooms  when  the  men  load  their  cars,  but  this  loss  is  practically 
negligible. 

In  stri])]iing  opeiaitions,  after  the  coal  has  b(*en  removed,  it  is 
customary  to  use  di'ag-scrajKU-s  to  gather  the  coal  left  behind  the 
steam-shovel.  This  coal  is  later  loaded  into  cars  and  sent  to  the 
breakers;  here  too  the  loss  from  coal  left  behind  is  exc(‘edingly  small. 

Loss  in  Preparation 

In  the  jireparation  of  anthracite,  loss  occurs  in  a number  of  ways. 
Th(‘re  is  the  actual  loss  of  coal  that  becomes  mingled  with  the  break- 
er refuse;  llnua*  is  also  the  loss  from  tin*  extrmnely  tine  sizes  }»assing 
away  in  the  wash  wa1(‘r;  and  the  loss  from  coal  breaking  down  in 
handling.  This  is  not  a real  physical  loss  of  the  coal,  bnt  a profitable 
size  of  coal  is  reduced  to  an  nnprolitable  one,  resniting  in  a financial 
loss.  Another  financial  loss  (u-curs  in  the  prej)aration  of  sizes  of 
coal  too  small  to  Ik*  of  (*comtmic  value  at.  tin*  pres(*nt  time.  In  many 
places  these  small  siz(*s  are  stored  in  slush  banks  for  jirobable  future 
coiisumjition.  At  other  collieries  tlu‘\'  are  mingled  with  the  breaker 
refuse,  and  therefore*  b(*come  absolutely  lost;  while*  at  still  eether 
places,  where  slushing  is  e*mplove*d,  the  line*  size's  are*  sent  back  to 
the  mine*  mingle*d  willi  the  e-rusheel  breake*r  i'e*fuse*  ami  are  best. 

The  h)ss  due  to  ele*gi-aelatie)u  oecnrs  in  the*  lines  resniting  freem  the 
preednetieen  eif  mai-ke*table  sizes  eef  e-eejil  ; in  passing  the  coal  threeugh 
the  jigs  and  varieens  mechanie'al  cle*aning  elevie-e*s ; in  se*mling  the  coal 
through  long  iron  sheeeets  freem  one  e*levalie)n  to  a lower  one  in  the 
breaker;  ami  in  the  linal  passage  eef  the  ceeal  intee  the  jeeecket  and  from 
the  jeeecket  to  the  railroad  e-ar. 

Avoidable  and  Unavoidable  Losses 

The  losses  of  anthi'acite*  in  mining  may  be*  elivieh'd  into  two  classes, 
avoidable*  and  nnaveeielable.  ( 1 ) Aveeidable  leesses  or  partly  avoidable 
losses  might  be  edassitieel  as  la)  theese  unele*r  bnilt-njt  or  occujeieei 
are*as  where*  the  e-eeal  might  be  re*ce)vereel  by  aelojeting  seeme  other  sys- 
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teni  of  ; (b)  losses  due  to  e:ii'elessii(‘ss  siieli  as  iiiuk*  tires,  and 

by  s<iueezes  caused  by  ])ooi'  en^im‘(‘rin<;' ; lei  floodiii<i  of  miiu's  from 
old  workings  wlieia*  projier  preeaut ions  liave  not  l)oen  taken;  idi  tlie 
loss  of  coal  in  golj  and  niiiu*  rock,  wliieli,  with  jiossibb*  closer  snjier- 
vision  iniglit  be  redmed  ; and  lei  losses  in  jirejiaration  dm*  to  degra- 
dation, \\'hicli  could  jifobably  be  i'(‘dne«Ml.  .V  change  in  tin*  sizes  of 
prepared  coal  inigbt  also  redma*  losses,  i-l  I'liavoidabb'  losses  would 
covei'  coal  bd’t  in  lai  bander  pillai-s;  |li|  shaft  jiillars;  Id  under 
rivers;  idl  niidcn' la  ilroads ; lei  under  I’.nried  \'all(‘y;  ifl  to  scpieezes 
and  Ig)  to  accidental  Hooding  of  inim's. 

DISCUSSION  OF  LOSSES  BY  FIELDS. 

The  iH'ec(Mling  part  <if  this  rejioi't  has  descrih-ed  in  <letail  the  vari- 
ous losses  whi(h  do  and  may  take  place*  in  the  tirst  and  second 
mining  of  anthracite.  These  \\  ill  now  be  considered  by  lields. 

Northern  Field 

Ten  beds  of  coal  have  b(‘en  developed  in  the  Xortlu-rn  Field,  and 
seven  of  these  occur  in  two  or  more'  splits,  making  a total  of  22  beds 
and  splits.  The  percentage  of  recovery  by  lirst  and  second  mining  has 
b(‘en  calculated  from  data  furnished  by  dS  collieries  pi-odncing  ap- 
proximately 23,bt)b,(S2!;l  gross  tons.*  It  will  be  noted  when  comjiar- 
ing  this  tignre  with  the  total  tonnage  shown  in  Table  1,  that  the 
two  do  not  agree.  The  reason  for  this  is  that  the  information  from 
one  or  two  collieries  was  not  coTn]>lete,  and  the  data  could  not  be 
used.  The  48  collieries  i-e]»orted  a total  area  underlain  with  coal,  con- 
sidering the  bed  in  each  colliery  with  the  gia'atest  ai'ea,  of  .')l,04r) 
acres,  or  a total  sn]ierficial**  area  underlain  th(*i-ewith  of  249,011 
acres.  In  other  words,  thei'e  are  249,011  acres  of  coal  beds  in  the  48 
colii(‘ri(‘s.  From  these  tignres  it  is  possible  to  estimate  that  tin*  total 
superficial  ai-ea  of  all  beds  in  the  Xorthern  Field  amounts  to  049,093 
acres,  and  the  develo])ed  ai'ea  as  reimrted  shows  130,802  acres,  or 
an  estimate  for  the  whole  held  of  289,000  acres.  This  shows  that  r)2.C 
per  cent  of  the  area  has  been  develo])e<l.  It  has  b(*(*n  ])ossible  to  make 
an  estimate  on  the  original  tonnage  in  the  ground  as  shown  in  Table 
2,  which  giv(*s  .'),447,022,,900  tons.  4'his  compares  closely  with  the 
estimate  made  by  the  8(‘cond  INuinsylvania  tleological  Survey — 
namely  b, 097,381, 000  tons. 

*(iross  tons  of  2.2-it)  iioiiiids  iisod  tlirouiiliont  tins 

tonii  “snperticijil  tiroa"  as  us*'<l  in  this  n'jiort  means  the  aiva  of  the  bed  as  measured 
on  the  lionzontal.  “Total  siiporticial  area”  motins  total  areti,  thus  measured,  of  jill  beds.  In 
caleulutinji:  tomume  the  pitch  of  the  coal  bed  ^vas  taken  into  consi«leration. 


TABLE  1. — Estimated  area  underlain  unth  coal,  developed  area,  thickness  and  recovery  hy  beds 

in  the  Northern  Field. 
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TAI>LE  3. — (Jrigiiiul  ainl  rvinainimj  rrscnc.-!  of  coal  and  present 
recovei  p in  yortheni  Field,  bp  beds  i)i  pross  to)is 


Xame  of  bed 

Estimated 

original 

tonnage 

Per 

cent 

re- 

covery 

Average 
estimated 
amount  of 
coal  removed 
per  year, 
tons 

Estimated 

total 

amount  of 
coal  removed 
to  date, 
tons 

Estimated 
amount  of 
coal  remain- 
ing, tons 

K. 

Snake  Island 

U,ol3,(X)0 

57. S 

137,000 

1,370,060 

5,143,000 

J. 

Abbott 

3 5S, 770,000 

09.6 

533,000 

53,300,600 

100,576,000 

fKldney  or 

I. 

Bowkley  or 

2(ki,4l51,000 

71.8 

837,000 

83,700,000 

121,781,000 

.George 

Ua, 470,000 

07.3 

189,500 

18,951,000 

74,526,000 

j Hillman  or 

H. 

(Orcliard 

004,075,000 

71.1 

1,062,000 

106,200,000 

257,Sr5,0i)0 

(Stanton  or 

G . 

MiliS  or 

1 

71,255,000 

66.2 

400,000 

40,000,000 

31,285,{XiO 

1 

[Diamond 

270,875,000 

78.3 

1,368,000 

136,800,000 

134,076,000 

Checker 

47,462,000 

OS.  8 

487,000 

24,350,000 

23,112,000 

r . < or 

Rock 

002,122,000 

71.8 

1,325,000 

92,700,000 

209,422,010 

Baltiiiiore 

86, 445,000 

02.8 

55,100 

3, .310, 000 

83,135,000 

E. 

484,085,000 

05.  y 

1,085,000 

108,500,000 

376,485,010 

316,075,000 

58. 5 

1,227,000 

122, 700, 000 

193,375,000 

(al 

3, S4, 584, 000 

58.8 

1,062,000 

106, 200,000 

278,384,010 

.Marcy 

lU, jbJjOcO 

50.1 

215,000 

8,600,000 

1,985,000 

or 

n. 

Xow  County 

42,814,000 

54.3 

337,000 

33,700,000 

9,114,000 

(a) 

258,920,000 

08.2 

2,270,000 

158,900,000 

100,020,000 

Clark 

168,731,000 

71.2 

746,000 

52,200,000 

110,531,000 

c 

c. 

or 

33,165,000 

61.7 

140,000 

8,420,000 

24,745,000 

Ross 

358,510,000 

74,8 

1,585,000 

158,50(),0{K) 

200,010,000 

(a) 

330,485,000 

75. S 

1,975,000 

197,. 500, 000 

132,985,000 

354,450,000 

74.5 

1,400,000 

140,C‘00,000 

214,450,060 

Ki  ll  Ash 

21,sw.,0'10 

85.2 

2,210,010 

19,018,000 

148,724,000 

79.2 

1,495,000 

89, 800, 060 

58,924,000 

B. 

or 

Drnmores  (a) 

703,078,000 

74.3 

3,300,000 

330,001,000 

373,078,000 

72,, 582,000 

68. 3 

239,0.10 

14,350,000 

5.8,232,000 

156,596,000 

55.7 

780,000 

78,6(XJ,000 

77,996,000 

Total 

5,447,(i-3,0;:O 

70.7 

24,392,500 

2, 170, 860, (W 

3,276,763,000 

P“iin.':ylvania  Second 

Geological  Survey 

5,697,381,000 

Xotc— under  each  letter  tlie  different  splits  of  the  beds  are  shown.  Where  no  splits  were 
reported  the  figures  are  indicated  by  tlie  lett'.r  "a". 

In  Table  2 the  column  entitled  Estimated  original  tonnage  is  the  total  procured  by 
multiplying  the  bed  area  by  the  weighted  average  thickness  times  the  tons  of  coal  per  foot 
acre  and  allowing  for  pitch  of  beds. 

Hy  weight iiiii'  the  reeevt'iw  of  tirst  and  st'cond  mining  by  thickness 
of  lied,  snjierticial  area,  and  tonnage  jirodnced,  it  has  been  possilile 
to  calenltife  for  eacli  bed  tlie  (‘stinmted  weighled  average  recovery, 
find  also  tliis  rec<)very  for  the  whole  Xortliern  Field.  The  recovery 
as  shown  by  Table  1 for  the  tirst  mining  in  this  tield  is  49.5  jier  cent, 
with  a minimum  of  10.2  jier  cent,  and  a maximnm  of  90  jier  cent. 


For  second  inininj>’  tlie  t“stiinat(*d  weighted  avcra;^e  recovery  is  21.2 
per  cent,  and  a minimnm  of  d.<i  to  4(i.:>  ])ei-  cent  as  a inaxiimini.  The 
total  recovery  in  this  held,  therefore,  is  70.7  per  cent,  tlie  ininiiniim 
being  19.8  per  cent,  and  the  inaxiniuin,  !I3.9  per  cent. 

It  is  interesting  to  study  the  last  column  in  Table  1,  which  sliows 
the  estimated  average  total  recovery  by  beds.  It  will  be  noted  that 
the  percentage  generally  decreases  as  the  de])th  of  the  beds  increases 
until  a jioint  is  reached  b(*tw(*en  the  "E"  and  the  "1>"  beds,  when  the 
recovery  again  increases  sharply,  and  then  as  tin*  beds  again  become 
deeper  it  decreases  onca*  more.  This  is  dne  to  the  position  of  the  beds 
in  the  Xoidhern  Field.  As  previously  stated,  in  the  Xanticoke  dis- 
trict or  th(>  western  end  of  that  field,  the  beds  lie  very  deej).  In  the 
Wilkes-I>arr(‘  district,  which  is  in  the  central  part  of  the  held,  the 
depth  is  not  (piite  as  great;  wh.ile  in  the  Lackawanna  district,  the 
depth  is  much  less,  and  tin*  grmit  ])roduction  of  this  district  comes 
from  the  lower  beds,  geologically  s])eaking.  .\s  these  ImmIs  are  near 
the  surface  the  percentage*  of  recovery  is  extremely  high,  and  as  the 
total  tonnage  recovered  and  the  stiperhcial  area  of  these  beds  is 
rather  great,  they  have  a considerable  intluence  on  the  estimated 
weighted  total  average  recovery  and  increase  it  to  a high  point. 

( See  Bibliograjthy  1,  2.  and  '■).) 

From  the  information  at  hand  it  was  ])ossible  to  estimate  the 
amount  of  coal  removed  each  year  from  the  beds,  and  from  this  to 
estimate  the  total  coal  removed.  Thi*  difference  l)etween  these  fig- 
ures and  the  estimated  original  tonnage  gives  the  estimated  quantity 
of  recoverable  coal.  Table  2 shows  that  in  the  X^orthern  Field 
2,170,800,900  tons  of  coal  has  been  removed  from  the  ground,  leaving 
3,270,703, 00(»  tons  in  the  gi'ound.  Assuming  the  actual  recovery  in  the 
X’orlheim  Fi(*ld  in  1921  to  be  lb. 91 1,000  tons  of  coal,  and  applying 
the  ])ercentage  of  i-ecovei-y  of  the  Held,  it  is  (‘stimated  that  the  life  of 
the  Xorthern  Field  will  be  approximately  18  yeai-s. 

Eastern  Middle  Field 

As  previously  stated,  the  Eastern  Middle  Field  is  thi*  smallest  of  the 
four  in  the  anthracite  region.  In  Table  3 it  is  estimated  that  the 
area  of  the  l)eds  in  the  collieries  amounts  to  al)out  20,120  acres,  and 
the  area  reported  by  the  various  collieries  selected  shows  an  area 
of  10,829  acres.  The  sui)erticial  area  underlain  with  coal  of  all  beds 
from  the  reporting  collieries  shows  21,909  acres,  and  it  is  estimated 
tliat  the  total  superficial  ar(*a  underlain  with  coal  amounts  to  18,619 
acres.  Of  the  21,909  acres,  19,705  acres  are  developed,  or  develop- 
ment of  79.1  per  cent. 


the  Eastern  Middle  Field. 
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In  IDl’l  there  was  lii-odueed  in  this  region  ajtproxiniately  (i.hoiSdhJO 
tons,  and  tlie  reporting  c(dlieries  (11  of  the  1*7  in  the  held)  show  an 
output  of  3,6T0,ti39  tons,  or  52.7  per  cent  of  the  total.  As  in  the 
Xoi-thei  n I'ield,  the  gross  tonnag(‘  prodm-(*d  will  vary  in  eaeli  of  the 
tallies. 

Knowing  the  piiteh  of  the  coal.  aver:ige  thiekness  of  beds,  ainl  super- 
hcial  or  horizontal  area  underlain  with  coal,  it  has  h(*en  jiossihle  to 
make  an  estimate  hr  beds  of  the  original  contents.  This  worked  out 
to  a total  of  012,418,000  tons,  as  compared  with  an  estimate  made  by 
the  I’ennsylvania  Secotid  Geological  Survey'!  amounting  to  002,4!n,000 
tons,  as  sho\\  11  in  Table  1. 

Tabl(‘ 3 shows  the  estimated  wdghted  average  recovery  by  beds  for 
hrst  mining.  This  reeoviu-y  amounts  to  4!)  per  c(mt,  and  the  minimum 
shown  is  30.3  ] (o-  cent  and  a maximum  of  00  pei-  rent.  The  I'oeovery 
liy  second  mining  amounts  to  24.7  }ier  cent,  with  a minimum  of  12.7 
per  cent  and  a maximum  of  40  jier  cent.  The  total  estimated  weight- 
ed average  recovery  for  the  Eastern  Middle  I'Teld  is  73.7  ]ier  cent, 
with  a minimum  of  50.0  per  cent  and  a maximum  of  00  jiereent. 

As  was  done  in  the  Northern  Field,  an  estimati'  was  made  of  the 
remaining  reserves  of  cotil  in  the  Eastern  Middle  Field,  as  shown  in 
Ta.ble  4.  The  total  amount  of  coal  removnl  to  date  is  indicated  to  be 
about  207,535,00(1,  halving  tipproxiinately  344,030,000  tons  to  be  re 
covered  in  the  futuriu  At  the  present  rate  of  jirodiiction,  taking  into 
consideration  the  jier  cent  mined  out,  the  life  of  this  field  will  be 
about  37  years. 


TA15LE  4. — Original  and  renwining  resrrrrs  of  coal  and  present 
recovery  in  the  Eastoi)  Middle  Field,  hy  hed-'^  in  groxn  ton.'<. 


Name  o£  be<l 

Lstimated 

original 

tonnage 

Per 

cent 

re- 

covery 

Average 
estimated 
amount  of 
coal  rt'inoved 
per  year, 
tons 

K.'^tini  ated 
total 

amount  of 
coal  removed 
to  date, 
tons 

Estimuti  it 
amoimt  of 
coal  remain, 
ing,  tons 

I-.  I-ittle  Tracy 

445, COO 

85. 0| 

K.  Big  Tracy 

1,S33,000 

67. 3J 

Sl.OilO 

1,8!'0,OGO 

418,000 

( 

7,:59f  ,000 

Tt.6 

30,00(1 

2,400,600 

4,997,(.HJO 

J.  jDiamond 

2.r>oo.a>o 

f'4.5 

20,000 

l,2n0,(K)0 

1,300,000 

1 

751  000 

GO.  3 

5,000 

350.(K.X> 

401, (HKJ 

[ 

5,0oS,(KX) 

70.9 

25,(X)0 

2.(KKi,0('0 

3.03S.0U0 

T.  Little  Orchard 

1 .252,000 

73.11 

1 

65.  sj 

6)3,000 

4. 410. 000 

824,000 

H.  Orchard 

3.SS2,oa> 

G.  Primrose 

2S,00(J,(HX> 

70.5 

65,000 

6,50),  0(10 

22,4C0,IX<> 

F.  Holmes 

K.  Mammoth 

205,037.(100 

72.6 

1.090,000 

109.CKlO,000 

96,037,0(X) 

D.  Wharton 

01.453.000 

74.6 

.509,000 

.50,9(»,000 

4'J,553,0<.10 

40 


TAI5LE  4. — Original  and  remaining  reserves  of  coal  and  present 
rcconnoj  in  the  Eastern  Middle  Field,  hg  Ijeds  in 
gross  tons — Con  tin  nod 


Name  of  bed 

Estimated 

original 

tonnage 

P(*r 

cent 

re- 

covery 

Average 
estimated 
amount  of 
coal  removed 
per  year, 
tons 

Estimated 

total 

amount  of 
coal  removed 
to  date, 
tons 

Estimated 
amount  of 
coal  remain- 
ing, tons 

C.  Giiiiuna 

64,748,000 

77.3 

570,000 

57,000,000 

7,748,000 

B,  Buck  Mountain 

177,526,000 

7j.6 

1,140,000 

114,000,000 

63,526,000 

-V.  Lykens 

21,526,000 

81.0 

142,000 

14,200,000 

7,326,000 

Total 

(T2,448,0t)0 

73.7 

3,690.0.0 

3 3 82  ),(:C0 

2 8,628,000 

Pennsylvania  Second 

Geological  Survey 

602,491,000 

As  tlie  beds  of  coal  in  tlie  Eastern  3Iiddle  Field  do  not  lie  tlat,  but 
are  on  a pitch,  it  Avould  not  l)e  expected  that  the  lowest  bed  geologi- 
cally Avonld  show  the  lowest  rate*  of  recovery,  and  this  is  well  brought 
out  in  the  last  column  in  Table  3. 

Eecovery  in  tlie  Eastern  IMiddle  Field  is  probably  higher  than  in 
any  of  the  other  helds,  owing  to  the  fact  that  the  lieds  are  rather  near 
the  surface.  In  many  places  it  is  possible  to  remove  the  surface  and 
mine  the  coal  by  stri]iping,  which  gives  in  those  areas  a recovery 
running  well  over  00  p(*r  cent. 

Western  Middle  Field 

The  Western  Middle  Field  has  a total  area,  according  to  the 
Second  Geological  Survey”,  of  04-|-  square  miles.  The  estimated 
total  area  (d‘  the  bed  having  the  gi-eatest  superficial  area,  as  reported 
by  the  lb  collieries,  out  of  the  .51  in  the  held,  and  used  for  these  cal- 
culations, amounts  to  Ib.TbO  acres,  against  a total  for  the  region  of 
bO.lbO.  Tlu‘  total  su])erhcial  area  of  all  coal  beds  in  these  collieries 
amounts  to  81,40S  acres,  against  an  estimated  total  for  the  region  of 
This  indiiates  that  ap]>roximately  5(i.2  ]>er  cent  of  the  beds 
have  been  develoited,  that  is,  either  first  mined  or  hrst  and  second 
mined. 

In  14)21,  this  field  jiroduced  lb,b!)5,b71  tons,  and  the  lb  collieries 
]-eported  a production  of  4,542,375  tons,  or  27.1  per  cent.  Taking 
fhese  factors,  as  mentioned  above,  and  knowing  the  pitch  of  the  coal 
at  the  collieries,  it  is  estimated  that  the  original  coal  in  the  beds 
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umoimlc'd  to  4,.')!M1,7;)54H)0  tons,  coin]i;t red  with  tlie  esTimat(‘  of  tlu* 
Second  ( d'oloji'ical  Survey,''  of  4.d(l!;,.j(id,()((U  tons.  Tliis  is  sliown  in 
Table  (I. 

In  Table  b,  tin*  esliniatcd  ^\■eiyllted  avei-a^t'  i-ecovery  by  tii-st  min- 
iiiii'  for  the  Western  Middh*  Field  is  shown  as  .'IT.!  ]>er  cent,  with  a 
ininininni  of  ihl.S  pei'  cent,  and  a inaximnni  of  bb.b  per  cent.  The  esti- 
jnated  ])ercenta!j,e  of  recoveiy  by  s(‘cond  inininy  is  I’ti.d  jier  cent,  'with 
a niinininm  of  ll’.S  jier  cent,  and  a maxiiniini  of  44.1  ])cr  cent,  and  tin* 
total  estimated  weighted  averagt*  recovei-y  for  the  whole  tield  is  bf.d 
per  cent,  with  a niinininm  of  ])cr  cent,  and  a maximum  of  bd.b 
per  cent. 

Tlie  last  coliimn  of  Table  b shows  that  there  is  comparatively  little 
difference  in  the  total  percentage  of  recovm-y  in  the  various  beds. 
The  lowest  percentages  apply  almost  entirely  to  tlie  thickest  beds, 
which  is  naturally  to  be  ex^iected. 

^Vs  in  the  Xorthern  and  Fastern  Middle  fields,  an  estimate  was 
made  of  the  total  amount  of  coa]  removial  to  date,  and  it  is  shown 
ill  Table  (i  that  so  far  this  amounts  to  1 ,02.4, 770, Odd  tons,  also,  that 
there  probably  remains  in  the  ground  4,b74.02b,000  tons,  which  with 
the  ]irodiiction  remaining  at  the  same  rati*  as  in  1021  and  the 
piercentage  recovery  the  same  would  show  the  average  life  of  the 
field  to  be  about  124  years.  From  this  it  is  indicated  that  a large 
part  of  the  future  production  of  anthracite  will  conn*  from  this 
lield. 


Westi^rn  Middle  Field. 
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3».6  I 40,685 
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ll'r.s-fer/;  Middle.  Field — Coiitimied 
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JT) 

TABLE  G. — Original  and  rvniaining  rc.scrrc.s  of  coal  and  pre.sent  re- 
covery in  the  Western  Middle  Field,  by  beds  in  gross  tons 


Xaiuo  of  bed 

Estiniated 

original 

tonnage 

Per 

cent 

re- 

covery 

-Vverage 
estimated 
amount  of 
coal  reniDveil 
per  year, 
tOILS 

Estimated 

total 

amount  of 
eoal  removed 
to  date, 
tons 

E.stiniated 
amount  of 
coal  remain- 
ing, tons 

J. 

I. 

Diaiiiund 
Little  Orcharti 

2’2,(i'oO,(:oo 

If^l.TOO.OOO 

.3! ) . 0 
60.7 

167,000 

1 , son, (KM) 
16,7(Wi.(XHl 

L'0,200,IXH.) 

145,000.000 

H. 

Orchard 

8t>,700,0:!0 

05.0 

412,000 

41 ,200,000 

48,500.000 

G. 

Primrose 

318,(KM.M)0() 

93,r)00',nO(.> 

65.2 

67.5 

294,000 

KM'.OOO 

20,5S0,(.NJ0 

]0,(K)o,(:hio 

2'J7, 420,000 
82,400,000 

r.j 

L33.500.noo 

73.  (1 1 
00.41 

•IMT.OiK) 

.'3, 7(10, wo 

11:4,983,0  ;0 

BJ 

23. u?.”), non 

0]  .3 

K.O.OOO 

9,600,000 

13,07.5,0:0 

8<s200.0(M> 

Ofl.l 

]25,fKKl 

10,000,000 

70,200,000 

E.  • 

Mammoth 

512,000.000 

08.1 

1,050,(00 

105, 000.000 

407.000.000 

59J,rKin,0fHl- 

07.8 

l,030,(K)f) 

123,000,000 

471 .000,000 

' 

802,000,CHM> 

61 . 5 

2,500, 0<O 

250,fXlO,0{‘() 

5T)2,(XN).000 

D. 

Skidmore 

219.000,000 

09.0 

433,000 

43,300,000 

175,700,000 

C. 

Seven  Ft. 

161,50(0000 

67.5 

439,000 

3(1, 720,003 

i; 0.7 84  (ro 

581,000,000 

04.1 

l.OOO.OOft 

iw.ooo.ooo 

391,0fi0.(>00 

B. 

Buck  Mountain 

23,820.000' 

48.3 

186,000 

18, 600, 0011 

5,2-:0,(00 

34.9.500,000 

64.5 

490,  (XXJ 

49,660,000 

293,900.000 

7,040.000 

93.0 

GO.UKi 

.3,600.000 

4,040.000 

A. 

I.ykens 

77.000,000 

76.7 

415,000 

41.500.000 

35. 500.000 

[ 

22,780,000 

73.0 

01 ,000 

4.27  ,00  : 

i8.51(t.(H)0 

Total 

4,.5!H:,70.'l.ni)O 

t;4.n 

10,3.89 

1 ,023,770.000 

3, .573,025,0(4) 

Penn.sylvania  Second 
Geological  Survey 

4,009.505.000 

1 

Southern  Field 

The  Southern  Fi(*Id  has  an  area,  according,  to  tlie  Second  (Jeologi- 
cal  Survey,'  of  ISl  s(iuai-i  mih*s.  Ifejiorts  fi-oin  IG  out  of  3o  collieries 
in  the  Southern  Field  were  ]irocured,  with  an  out])ut  of  d.SoS.SlO  tons, 
compared  tvith  a total  jiroduction  in  1921  of  11.112,197  tons,  or  41.2 
per  cent.  Thes(*  collicndcs  i-cjioi't  a sn])crticial  ar(‘a  of  the  loW(*st  h(‘d 
amountino-  to  21,42.")  acres,  shown  in  Talde  7.  coinparcMl  with  tin*  total 
area  of  11.5,840  acres  undeidain  with  coal.  Tliey  have  a total  sn])cr- 
ficial  area  of  coal  amount  inij,'  to  !I7,G71  acres,  companMl  with  .527.000 
acres  for  the  whole  tield.  They  show  only  9,S.519  acres  d(‘V(do]ied,  or 
-S9.M  ]»cr  cent  of  the  total  coal  in  the  held. 


Thr  ])(■! c(Mir.i”('  (if  rccnv(*i-y  l»y  lirst  miniiio-  in  this  held  is  the 
lowest  of  oiiy,  owinii'  to  llie  very  st(*e]>  piteliing  beds  and  the  general 
character  of  tlie  coal.  The  recovery  by  lirst  mining  amonnts  to  only 
29.1  ]ier  cent,  with  a minimuni  of  20.0  ]ier  cent  and  a maximum  of 

04.0  ]>er  cent.  In  the  second  mining,  24.7  jier  cent  is  the  weighted 
average  recovery,  coinjiared  witli  the  minimum  of  9.9  per  cent,  and 
a maximnm  of  40.0  ]ier  cent.  The  total  estimated  weighted  average 
recovery  for  the  whole  held  is  53.8  ])cr  cent,  with  a minimum  of  37.2 
]ier  cent,  and  a maximum  of  90.0  jier  cent.  Again  it  will  lie  noted 
that  the  smallest  recoveries  are  usually  where  the  beds  are  thickest. 
For  example,  the  INlammoth,  with  its  36  feet  of  thickness  shows  a 
recovery  of  only  48.1  ]>er  cent;  whereas  the  Seven-foot  bed,  with  a 
total  thickness  of  3 feet,  7 inches  shows  a recoveiy  of  67.1  per  cent. 

As  foi'  the  three  othei-  fields,  an  estimate  was  made  of  the  original 
coal.  In  Table  8 this  is  shown  to  be  10,114.050,000  tons,  compared 
with  the  estimate  of  9,198.435,009  tons  made  by  the  Second  Geologi- 
cal Survey.®  It  has  been  estimated  that  a]iproxiniately  857,790,000 
tons  have  been  removed,  leaving  a balance  of  coal  to  be  removed,  of 

9.256.260.000  tons.  Assuming  that  the  production  will  remain  the 
same,  ii  is  es1iniat(Ml  that  th(*re  is  snflicieiit  coal  in  the  Southern 
Field  to  last  408  years. 


TAHLK  7.  IJsthiKitcd  nren  underlain  uritli  eoal^  developed  area,  tliieknes.s  and  reeorerj/  hi/  beds,  in  the 

Southern.  Field 


47 


(Little  Buck  Mt.  054  ‘ 3,530  ‘ 3.1  447  * (JS.4 


Southern  Field — Coutiuued 


48 


Tracy 


49 


X O 

S 3 ?i  3 


CC  X -M  rl 

ci  r-  X 
lt:  ic:  X 


X 


o 


) 

i 


1 

1 

I 


I 


X '-T'  O lTs  ~ -^'  t-  I-  -T-l  n /.  r~  ~ 


50 


TA15L1<^  8. — Oru/inal  (uul  rcmuUiUuj  yenervcs  of  coal  and  present 


recover ji  in 

So  at hern 

Field, 

bij  beds,  ill  (/ross  tons 

Average 

Estimated 

Per 

estimated 

total 

Estimated 

Estimated 

cent 

amount  of 

amount 

amount  of 

Xaine  ot  bed 

original 

re- 

coal  removed 

coal  removed 

coal  remain- 

tonnage 

covery 

per  year, 

to  date. 

iiig,  tons 

tons 

tons 

N. 

Peach  Mountain 

103,500,000 

71.2 

21,000 

1,6SO,COO 

101,820,000 

P. 

Little  Tracy 

61,100,000 

70.. 4 

53,000 

4,210,000 

56,860,000 

K. 

Big  Tracy 

135,500,000 

60.4 

241,000 

19,280,000 

116,220,000 

niimiond 

29, COO, 000 

70.1 

15,000 

!K)o,{>r;o 

28,700,000 

0 . 1 

167,250,000 

1.2 

108,000 

8,(d0,000 

158,610,000 

I. 

Little  Diamond 

H. 

Orchard 

1,022,. 500, 000 

39.3 

492,000 

30,360,000 

9&3,140,C00 

G. 

Primrose 

1,197,000,000 

54.0 

1,130,000 

101,700,000 

1,095,. 300, 000 

F. 

Holmes 

228,800,000 

69.2 

178,000 

17,800,000 

211,000,000 

559,000,000 

08.6 

320,000 

32,000,000 

527,000,000 

E.  ■ 

Mammoth 

601,000,000 

01.3 

334,000 

33,400,000 

567,600,000 

588,000,000 

68. 4 

540,fX)0 

54,000,000 

534,000,000 

2,550,000,000 

48.4 

3,490,000 

349,000,000 

2,201,000.000 

n. 

Skidmore 

566,000,000 

66.3 

112,000 

7,810,000 

558,160,000 

c. 

Seven  Ft. 

272,500,000 

67.1 

115,000 

7, 840, O'VO 

5.58,160,000 

929,000,000 

68.71 

B.  p-iuck  Mountain 

1,060,000 

IW,  000.000 

,881,300,000 

58,300,000 

48. 7j 

r 

883,000,000 

69.5 

437,000 

43,700,000 

.839,300,000 

A.  -(Lykcn.? 

162,000,000 

63.6 

325,000 

32,500,000 

129,.500,OCO 

Total 

10,114,050,000 

53.8 

5,207,600 

857,790,000 

9,250,200.000 

Pennsylvania  Second 

Ooological  Survey 

9,198,435,000 

FACTORS  INFLUENCING  EXTRACTION  OF  COAL 

Thi'(‘(*  ]»riiici]ial  factors  influence  fhe  amonnt  of  coal  that  can  be 
recovered — namely,  fl)  the  thickness  of  beds:  (2)  the  depth  below 
the  surface;  and  (3)  the  pitch.  These  will  be  discussed  by  fields  in 
the  following  pages. 

Northern  Field 

Thickness  of  beds.  The  thickness  of  a bed  partly  determines  the 
qnantity  of  coal  lhat  has  to  be  left  l)ehind  for  the  support  of  the 
roof.  In  a thin  1)ed  the  pillars  need  not  be  as  large  as  in  a thick  bed, 
therefore,  it  would  be  nafnral  to  expect  that  the  ]>ercentage  of  re- 
coveiw  would  be  greater  for  the  thin  beds  than  it  would  be  for  the 
thick  beds.  Table  9 gives  the  thickness  of  beds  in  the  Northern 


Field,  aud  the  last  cohiiim  shows  tliat  for  hods  7 feet  and  under  the 
recovery  is  over  70.0  per  cent.  In  fact,  with  the  exception  of  the 
interval  of  7 to  S feet,  this  is  true  np  to  a thickness  of  10  feet;  then 
the  percentage  of  recoveiy  decreases  as  tlie  thickness  of  the  bed  in 
creases.  In  the  bed  18  to  20  feet  thick  the  estimated  recoveiw  is 
71.7  per  cent,  but  this  figure  is  from  a colliery  at  Avliich  the  recovery 
is  high,  so  the  figure  is  really  almornial.  Tlie  thickest  beds  of  all, 
betw'een  25  and  30  feet,  show  a total  recovery  of  only  55.3  per  cent, 
compared  to  an  average  for  the  held  of  70.7  per  cent. 

Depth  of  workwc/s.  The  percentage  of  recovery  is  also  inhuenced 
by  the  di'pdli  of  woi'kings,  as  was  shown  in  the  discussion  of  Table 
1.  Owing  to  tin*  jiecnliar  conditions  in  tin*  Xoidlieni  Field,  as  ]>r('- 
viously  i‘.\]»lain(*d,  Talih*  10,  showing  tlie  reco\'ery  by  d(*|)th,  do(*s 
not  bring  this  pidnt  out  as  well  as  iniglit  he  e.\|)eet(*d.  In  llie  Xortb- 
em  Field  in  particular  the  shallow  depths  id'  the  beds  favors  a high 
recovery,  but  this  favorable  condition  is  offset  snmeAvhat  by  the 
necessity  of  leaving  coal  where  mine  workings  approach  the  Ilnried 
Valley  which  (K'cu|iies  part  of  tin*  field.  IIow(*vi*r,  generally  speak- 
ing, the  reeoA ery  is  slightly  less  where*  tin*  <k*]dh  is  greatest. 

Pilch  of  beds.  Besides  dejith  and  thickness,  jiiteh  has  a consider- 
able inf'u*in*e  upon  jiroilnction,  but  in  the  X'ortliern  Field,  as  pirae- 
tically  all  of  the  companies  rejiorted,  the  general  [litch  is  less  than 
15  degi'ees,  and  has  had  no  ajijtrecialde  effect  on  the  rate  of  recovery. 


TABLE  9. — Recovery  hi  relation  to  thickness  of  beds  i/i  the  Northern  Field. 
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Total  17,746,006  100.0  I 166,822  70.0  ' 97,193  ' 58.6  1 49.5  ' ' 21.2  70.7 


TABLE  10. — Recovery  in  relation  to  depth  of  loorhings  in  the  Northern  Field. 


53 
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Eastern  Middle  Field 


Thicl'uesH  of  hcdsi  and  depth  of  iro>idi-hi(/s.  In  tlie  Eastern  .Middle 
Field  tile  IhmLs  lie  in  coinjiaralively  heavy  jiitches,  so  it  is  not  to  be 
exiiec'ted  that  deiitli  of  workings  has  as  ninch  inllnence  as  in  tlat- 
Iving  beds.  This  is  brongiit  ont  by  Talile  11,  wliicli  shows  no  general 
tendency  for  (lie  ])ercentage  of  recovery  to  decrease  Avith  the  depth 
ol  Avorking.  HoAvevei-,  in  Table  12  Avliich  sIioavs  the  recovery  by 
tldckness  of  lieds  in  this  held  the  reader  Avill  note  that  the  recovery 
is  generally  less  in  the  lliicker  lieds  than  in  the  thinner  beds.  Those 
beds  betAveen  1<S  and  2d  feet  in  thickness  Avhich  shoAV  such  a high 
|)orcen1age  of  recovery  are  beds  mined  by  stri]iping,  therefore  the 
high  ]i(M-cen1age.  This  also  a])]ilies  to  the  lieds  betAveen  9 and  10 
feet  thick.  If  alloAvance  for  these  two  exceptions  is  made,  the  per- 
cmilagi'  of  recovery  for  the  thicker  beds  becomes  less  than  that  for 
line  thinner  beds. 

ritcli  of  beds.  Percentage  of  recoA’ery  Avith  relation  to  jiitch  in  the 
Eastern  Middle  Field  (see  Table  13)  sIioavs  llu*  greatest  recovery  on 
one  of  the  heaviest  ]iitclies,  Imt  as  practically  all  of  the  coal  con- 
sid(*red  in  this  idtch  comes  from  Iavo  ndnes  tlial  have  large  stripping 
oiierations,  Avhich  increased  the  percentage  of  recovery,  beds  of  40  to 
4.3  degi-(‘(‘s  pitch  ap])ear  to  have*  a greater  recovery  than  beds  with 
iiigher  or  loAver  pitches. 


TAHLlvl  l. — J^cvorerjj  ill  relation  to  deplli  of  irorkinijs  in  the  liasteni  IMiddU  h'ii  ld. 


-liccofcrt/  in  relalion  to  tlii<-kn<‘ss  of  beds  in  the  l■]aslrrn  Middle  h'ieUl. 
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Western  Middle  Field 


Thickness  of  hcds,  depth  of  irorkiiifis,  and  pitch  of  beds.  Tn  the 
Western  ^Middle  Field  the  recovery  in  the  thick  beds,  as  shown  in 
Table  14,  is  consideraldy  less  Ilian  in  the  1hin  bods,  conhrniing  the 
former  statements  of  similar  character.  As  the  beds  increase  in 
deplh,  Talde  15  shows  a mai-kcd  decrease  in  jiroduction  in  those  beds 
that  lie  at  greatei’  depths  than  GOO  feet.  Tn  fact,  the  decrease  in 
prodnetion  is  almost  nniform ; but  when  we  consider  the  recovery  in 
relation  to  the  degree  of  ]iitch  (See  Table  IG),  we  lind  that  jiitch 
seems  to  make  little  dilference  in  the  percentage  of  recovery,  be- 
cause some  beds  having  the  greatest  jiitcli  show  the  greatest  recovery, 
while  others  having  the  least  jiitch  sliow  the  least  recovery.  Gener- 
ally s]ieaking.  all  of  the  work  in  this  field  is  breast  mining. 


TABLE  14. — Recovery  in  relation  to  thickness  of  beds  in  the  Western  Middle  Field. 
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TAIUjIO  -Rvoorn-ji  in  rclafioii  to  dcplk  of  worliUujs  in  the  Western  Middle  Field. 
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TABLE  16. — Recovery  in  relation  to  pitch  in  the  Western  Middle  Field. 


lil 


Southern  Field 


2'hickitcs-s  of  heda,  depth  of  workinps,  and  pUcli  of  beds.  Table  17 
brings  on1  clearly  the  decrease  in  production  tvilli  the  increase  in 
thickness  of  Iteds  in  the  Sontherii  Field.  The  production  of  all  beds 
from  10  feet  and  over  averages  ap[iroxiniately  10  per  cent  recovery 
as  against  the  recovery  of  between  GO  and  TO  per  cent  in  thinner 
beds.  Unfortunately,  data  were  insttfficient  to  determine  the  influence 
of  the  dei»lli  of  workings  on  recovery  in  the  Sonthern  Field,  but 
information  was  olttained  on  the  effect  of  pitch.  Table  18  shows 
that  the  lea.st  lawovery  is  in  those  ])i1ches  betAveen  35  and  40  degrees 
and  50  and  55  <legrees.  l>ut  this  is  mainly  due  to  the  fact  that  the 
colli(u-ies  i-e]ioit ing  these  jiitches  lie  at  the  ends  of  the  held  and  do 
not  really  indicate  the  general  average  of  the  held. 


g;j 


TAliLE  ]S. — Rccorery  in  relation  to  pilch  i)i  ihc  Ronlhcrn  I'icht. 
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LOSS  IN  PREPARATION 

It  has  bean  iiiipossihlr  to  secure  detaihal  tiuiii'es  as  to  tlu*  loss 
of  coal  in  ])re]>anitioii.  because  iiiauy  coiupauies  rt-jiorled  ilie  losses 
luiu])(‘d  tiigctliei'.  Tlu'se  various  loss(‘s  luive  Ikhui  discussed  iu  llu' 
abstract  in  the  ])reliminar_v  jiaiT  of  this  repoiT.  lu  the  Xortheni 
held  tlu'  loss  iu  ]»r(‘])aratiiiu  amounts  to  d.T  jier  cent;  in  the  Eastcun 
.Middle  held  it  amounts  to  l.d  p(  i-  cent;  in  tin*  ^^’esteru  .Middle  l’i(dd 
it  iuereases  to  b.!;  ]>er  c»mt.  ami  iu  tin*  Soiitheni  Ficdd  is  d.S  pei-  ctuit. 
Of  coui-se,  tlu*  lai'c'est  part  of  these  losses  is  due  to  the  small  si/.es 
of  coal  \vhi<di  ai-(*  not  at  tlu*  pi-(*sent  time  !-omuu*i-(dally  valuable. 

RESERVES  OF  ANTHRACITE  AND  TENDENCY  OF  RECOVERY 

Northern  Field 

Hy  examiniujt  the  column  headed  "neveloi)ed  area.  ]iereeut  (>f  su]it*r- 
heial  area"  in  Table  !),  showing’  thickness  of  beds  in  the  Nortlu*rn 
Field,  it  will  be  s(*(*n  that  tlu*  futui-e  coal  will  come  fi'om  thimu*i*  beds, 
that  is.  Iieds  u])  to  (1  f(*(*t  in  thickness.  Iv(*ferrinn'  to  the  same  column 
iu  Table*  10,  “Kecovery  by  d(*pth  of  workings."  it  will  be  noted  that 
the  future*  re*ce)ve*i'y  tvill  be*  iu  the  ele*e*]»er  beds.  'I'his  nu*ans  that  in 
the  first  jdaea*  tve*  may  leiok  feer  an  iue-re*ase*el  i-e‘ce>ve*ry  elm*  tei  ihiuuer 
be'els  beinc'  niineel  at  yre*ate*r  ele])ths,  which  may  or  may  not  ceeunter- 
balaiu'e*  eaedi  otlu*i'.  and  le*ave  the*  i-e*ce)ve*i-y  iu  the*  futui-e*  similar  to 
that  at  the  jeresent,  preuidiuif  that  there*  is  me  e'hauye*  in  mininy 
eeuulitions.  This  brinys  us  to  a stuely  eef  the  estimate*d  anueunt  of 
coal  remaiuiuy  iu  the*  Xeertherii  Fie*ld.  as  shown  iu  Table*  L’.  IIe*re*  it 
will  ayaiu  be  eebsei  veel  that  whatever  reserves  there  are  in  this  lie'ld, 
the*y  Avill  be  fouml  mainly  in  beels  lyiny  below  the  "F'’  bed,  and  the 
yreatest  preeeluctieen  e'an  be*  expe*cte*el  fremi  the  Baltimore  anel  lb*el 
.\sh  heels,  uhich  have*  see  fai-  bee*ii  the*  yre*at  ])reielue'e*rs. 


Eastern  Middle  Field 

As  in  the  Xortheni  Field,  the  inelieations  are  that  the  yreatest 
re*st*rvt*s  in  tlu*  lvaste*rn  Alidelle*  hie*ld  are*  in  the*  thiedt  levels,  which 
sheiw  the  leiwest  itercentaye  of  recove*ry,  so  that  it  is  ie*asonabh*  To 
exjiect  that  in  the*  future*,  miuiny  e'emditious  remaininy  the*  same, 
the  pere'eutaye*  of  re*i’overy  will  jteissibly  ele*ci-i*ase  iu  This  tie*ld.  e*s])e*e-- 
ially  as  the  coal  that  is  recoverable  by  strijijdny  is  nearlv  exhausted. 
As  previously  shown,  the  depth  of  workinys  in  this  field  has  little  in- 
Muenee  upon  the  recover-y,  as  the  tlebl  itse*lf  is  e*e)m]iaratively  shallow. 
Generally  siieakiny,  the  field  consists  almost  entirely  of  pitchiny 
measures.  The  yre*atest  reserves  will  come  from  those  jutches  which 
lie  between  35  and  40  d(*yrees;  and  as  ]dteh  iu  this  r(*yion  seems 


to  have  little  regular  effect  on  recovery,  it  is  to  be  expected  that  there 
will  he  little  change  in  flu*  percentage  of  recovery  due  to  the  pitch 
on  which  the  coal  is  mined.  To  one  studying  the  reserve  in  Table  4, 
it  s(“ems  that  the  greatest  recovei'y  in  the  future  will  probably  be 
from  the  34ammoth  bed,  Avhich  is  the  thick  bed  of  the  region,  while 
the  lU'xt  greatest  recovery  will  be  from  the  Huck  .Mountain  tied.  These 
two  beds,  however,  rank  among  the  thick  beds  of  the  region,  and 
shoAv  the  smallest  ]iercentage  of  recoveiy.  Therefore,  Avith  the 
present  coiiditions  continuing,  it  is  possible  that  the  rate  of  recovery 
Ax  ill  tend  to  decrease. 


Western  Middle  Field 

In  considering  future  supjdy  and  the  pi'obable  etfect  of  demand  on 
the  present  rate  of  recovery,  assuming  that  the  methods  of  mining 
do  not  change,  one  may  ex])ect  that  this  siptjdy  tvill  be  derived  from 
the  thinner  beds,  Avhich  Avill  probably  shoAV  an  increased  rate  of  re- 
covery, It  is  indicated  that  fufui’e  coal  Avill  come  from  beds  at  not 
very  great  de])th,  so  that  the  imcovery  Avill  be  increased  by  this 
cause  also.  Fi-om  Table  (!  it  A\  ill  1k‘  sihui  that  the  great  reseiwes  in 
this  region  are  in  flu*  IMammoth  <)]•  ‘‘E”  bed.  and  the  TTolmes  or  “F” 
bed.  the  deejuu-  beds  having  been  Avorked  to  a much  greater  degree 
than  the  shalloAV  be<ls.  Therefore,  it  is  ])ossible  to  expect  that  in  the 
Western  Middle  Field  there  Avill  l)e  a general  increase  in  the  percent- 
age of  recovery,  Avith  mining  conditions  remaining  the  same. 

Southern  Field 

It  is  ])ractically  impossible  to  determine  Avliat  the  effect  will  be  on 
the  percentage  of  recovery  in  the  Southern  Field,  as  tlmt  field  has 
hardly  Ihmui  IcmicIkmI,  if  the  amotint  of  coal  i‘emoved  is  compared 
with  flu*  amount  remaining.  The  great  reserves  of  anthracite  lie 
in  this  field,  but  tin*  indications  are  that  the  greatest  amount  of  coal 
will  conn*  fi-(»m  the  IMammolh  taal  and  its  si»lits;  also  from  the  Ibim- 
rose  and  Orchard  beds.  These  beds  are  all  com])aratively  thick,  so 
it  may  be  possible  that  the  recovery,  under  the  present  mining  sys- 
tems, Avill  not  be  increased. 


SUMMARY. 

In  1880,  Joseph  S.  Hai-ris,  an  engineer  for  the  Philadelphia  & 
Keading  (’oal  ik  Iron  Co.,  the  largest  jn-odticers  of  anthracite,  called 
attention  to  an  estimated  recovei-y  of  .‘!8.7  ]»ei-  cent,  in  a certain 
measured  sectioii  of  the  ])roperty  of  the  Lehigh  Coal  k:  Xavigation 
<'().,  and  (‘stimated  tlu^  recovery  for  the  Reading  pro])erty  at  27  ]>er 
cent.  I'd!-.  GoAvan.  then  ])i'esident  of  the  same  coin])any,  criticised 
this  estimated  recovery  by  saying: 


Twenty-seven  j)ei‘  cent  of  tlie  coal  in  the  ^I'oniid,  or 
400  tons  p(‘r  acre  for  (‘very  oin*  foot  in  tliicUness  of 
coal  seams  is  inncli  less  than  can  be  taken  to  market. 

It  is  proliatdy  true  that  in  its  past,  under  waste!  nl 
systems  of  miniiiji’,  especially  in  large  veins,  but  from 
20  to  25  per  cent  of  the  coal  in  the  ground  was  sent 
to  market;  but  in  those  days  the  ])ea  and  buckwheat, 
and  sometimes  the  chestnut,  were  thrown  on  tin*  ctilm 
I)ile.  — It  is  in  my  judgment  fair  to  assume  tliat  in  tlie 
future  when  all  tlie  smaller  siz(‘s,  and  even  the  culm 
itself,  will  be  merchantable,  moi-e  than  50  ]ier  cent; 
and  in  the  present  at  least,  40  ]u*r  cent  of  the  coal  in 
the  ground  can  and  will  be  sent  to  market. 

These  tiguri's  are  indicative*  of  what  has  occun-eu  in  the  ]iast 
in  mining.  P>y  improved  methods  there  has  been  a considerable 
improvement  in  i-(*covei-y  during  the  last  20  yeais,  as  shown  in 
Table  19. 


TABLE  19 — Percentage  of  recovery  and  lofis  as  in  1921. 


Field 


Mining’ 

Recovery  in  nercemage  ot 
original  coal  cuiiti'iit. 


Loss  in  percentage  of 
original  coal  content. 


First 

milling 

Second 

mining 

Total 

In 

mining 

In 

prejiara- 

tion 

Total 

Northern 

49.5 

21.2 

70.7 

29.3 

3.7 

33.0 

Eastern  Middle 

49.0 

24.7 

73.7 

26.3 

4.3 

30.6 

Western  Middle 

37.7 

2(1.3 

fvl.O 

36.0 

5.9 

41.9 

Southern 

29.1 

24.7 

53.8 

46.2 

4.8 

51.0 

Total  region 

40.9 

24.5 

65.4 

34.6 

4.3 

38.9 

The  above  table  indicates  that  at  jiresent  the  eslimat(‘d  weighted 
average  recovery  by  tii'st  mining  in  the  whoh*  anlhraciti*  r(‘gion  is 

40.9  per  cent;  the  second  mining,  24.5  per  cent,  and  the  tcdal  under 
ground  recovery  amounts  to  05.4  per  cent.  As  there  is  a loss  in  ]>r(‘]i- 
aration  of  4.3  per  cent,  the  total  coal  recovered  for  the  whole 
region  amounts  to  fil.1  per  cent;  in  other  words,  the  total  loss  is 

38.9  per  cent.  These  data  are  based  on  tignr(‘s  shown  in  Table  20 
procured  from  91  collieiues  out  of  flu*  244  in  flu*  anthraciti*  i*egion. 


(•>8 


or  37.3  per  cent  of  the  total.  These  collieries  in  U)21  produced  39,- 
676,345  tons  or  49.1  per  cent  of  the  total  production  for  tlie  region. 
Tliey  have  a total  su]HU‘ficial  area  of  all  beds  (d'  452,999  acres  out 
of  a total  of  1,418,400  acres,  and  have  a develo]»ed  area  of  234,752 
acres,  or  the  total  develoi)inent  of  the  region  is  shown  to  be  51.9 
per  cent.  In  the  pre])aration  of  the  data  for  this  report,  it  was  found 
that  the  estimated  total  original  coal  in  the  region  was  20,770,- 
Olil.OOO  tons,  which  conptarc's  with  an  estimate  of  19,507,872,000 
tons  made  by  the  Second  Geological  Survey  of  rennsylvauia.®  It 
is  also  estimated  that  of  the  original  coal,  4,416.240,000  tons  have 
been  removed  to  date,  and  16,354,676,000  tons  remain  in  the  ground. 
At  the  ju-esent  rate  of  production,  this  will  last  124  years.  This  indi- 
cates an  exhaustion  at  the  rate  of  mining  of  131,500,000  tons  per 
year  based  on  the  figures  for  1921. 

It  is  possible  that  this  recovery  of  coal  can  be  increased  by  the 
more  general  adoption  iji  the  Northern  Field  of  longAvall  methods 
of  mining,  which  have  been  successfully  employed  in  some  mines; 
also  by  the  further  development  of  some  economical  method  of  silt- 
ing (hydraulic  filling i the  fii-st  mined  areas  under  the  lUiried  Valley 
and  under  built-up  or  occupied  ])ortions  of  the  anthracite  region. 
It  may  be  possible  to  increase  the  percentage  of  recovery  by  the 
adoption  of  different  types  of  mining  in  the  8outhern,  Eastern  and 
Western  Middh*  Fiehls.  Aloi-e  careful  design  in  breaker  construc- 
tion could  eliminate  to  some  extent  the  amount  of  degradation  that 
occm’s,  and  the  possible  installation  of  devices  for  handling  coal 
might  also  decrease  this  loss. 

The  consuni])tion  of  the  tine  sizes  in  the  form  of  briquet  or  pow- 
dered fuel,  and  the  more  exten.sive  use  of  mechanical  stokers,  can 
probably  increase  the  use  of  the  extixunely  fine  sizes,  and  therefore 
decrease  the  loss  from  this  source. 

AVith  ])resent  conditions  continuing  in  the  future,  we  may  look 
for  a ])ossible  falling  off  in  the  pei-centage  of  recovery:  but  the  in- 
dications are  that  more  extensive  enq)loyment  of  the  best  m'ning 
]>ractice  may  result  in  an  increase  in  the  ])ercentage  of  recovery. 
Therefore,  it  seems  reasonable  to  labieve  tliat  the  percentage  of 
recovery  will  not  decrease,  but  ])robably  may  increase  slightly. 


TAHLl^j  20. — Hiuii iiKiry:  7'otal  and  developed  areas,  recoverif,  reserves,  ivater  handled,  and  totals  for  ivhole 

A n thracite  Region . 
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Tlie  abovi'  table*  sliows  1 b.;:!.')4.(i7b.b01!  Ions  ot  coal  csliniatcd  1o  ic*- 
inaiu  in  llu*  antlivacilc  i-(*gion.  On  llu*  basis  of  ])iTscnt  day  rc*covi*ri(*s 
if  may  be  (‘sfiiuafed  that  S.!)7b,d7d.(;0()  ions  of  this  an*  ]•(*(■(, v(*ir,bh*. 
Tile  basis  of  this  estimate  is  shown  in  the  fedlowing  table: 

Coal  rrniaiiiiii(j  in  the  a ii fli I'uci I c 'liclds. 


rieid 

Total  coal 

Per  cent 
recover- 
able 

Ih'coverable' 
coal  remain- 
ing 

^ 'I'ons 

Tons 

Xorthern 
Ui!  stern  ilidrllo 
Western  Middle 
Soiitliern 

3, 70;], 000 
..  -.!  Us.tSS.niKI 

1 3,r>7:l,n'.'>,(l'i0 

0,‘L>0, -^(>0,000 

07 

GO.-t 

aS.l 

49 

2,19.7,4.71.010 
172,7  IS, roo 
2,075,928,0:10 
4,.3:35,.7C7,0C0 

Total 

1 

S,&79,4T4,OCO 

This  recoverable  tonnayi*  may  be  se]iai-al(*d  into  that  ]»ortion  re- 
coverable within  the  next  4(i  yc*ars  desi”nated  as  a\ailabh*.  and  the 
reserves,  the  minin”'  of  which  mill  donblless  lie  d(*ferre<I  beyond  40 
yi'ars. 


Tons 

3,007.000  O'.O 

'i,071  ,000,000 

Total.  iTCovcrablf'  tonnag-c 

8,979, .700, too 
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